Boston. From Vh° Department of Anesthesia of the Massachusetts General Hospital and the Anesthesia Laboratory of the Harvard Medical School at the Massachusetts
General Hospital, 1945. TT'RACTIONAL administration, described by Lemmon 1 in. J ? 1940, offered a fresh approach to the problems involved in subarachnoid analgesia. Continuing along this line of investigation, Arrowood and Foldes in i944 2 -3 described the maintenance of subarachnoid analgesia by a continuous drop method. The present report presents the results in 100 consecutive cases conducted by this method. TECHNIQUE.
The equipment described in previous communications 2 ' 3 has been changed in only one particular. Instead of the needle valve for regulating the rate of dropping, we now use the New Tunnel Clamp designed by Bradley. 4 The drug used in this series of cases was procaine. Analgesia is induced by an initial dose of a 2.5 per cent procaine solution and maintained by an 0.5 per cent solution. It is our present practice to dissolve the procaine in physiologic saline containing 2.5 per cent dextrose. This solution was selected in early cases because experience with the fractional method had shown that adequate levels could be established and maintained more easily with dilute solutions of procaine if dextrose was added to them. Results with the drop method proved less consistent when the procaine was dissolved in physiologic saline alone.
The size of the initial dose depends, as in any method, upon the level of analgesia desired and upon the spinal length and physical condition of the patient. To obtain a level to the sixth or seventh dorsal segment in the average patient, 3 or 4 c.c. of solution representing 75 or 100 mg. of procain.e is usually adequate. Sensory analgesia to the second or third dorsal segment, as is requisite for upper abdominal surgery, may be obtained by an initial dose of 5 or 6 c.c. representing 125 to 150 mg. of procaine. To maintain the analgesia the clamp is regulated to deliver 0.5 per cent procaine at a suitable rate. This rate varies with the individual patient, but it is usually true that 5 or 6 drops per minute will maintain a level at the sixth or seventh dorsal segment, while it is necessary to administer 8 or 9 drops a minute to keep the level at the third or fourth dorsal segment. Murphy drippers vary slightly as to the size of drop. It is necessary to calibrate each set as to the number of drops contained in each cubic centimeter of solution.
Procedure in conducting the cases is as follows : Lumbar puncture is accomplished and the initial dose given exactly as would be done in the fractional method. As soon as the injection"-has been made, the head of the table is lowered 5 degrees and analgesia established to the necessary height. It is important that the anaesthetist assure himself that the initial level is adequate, because if it is not, the subsequent course is likely to be unsatisfactory. When this has been done, the operative field is prepared and operation begun.
The tubing from the levelling flask, which has been filled with 0.5 per cent procaine solution and suspended at a height of 60 to 80 cm. above the spinal needle, is connected to the continuous spinal tubing and the clamp regulated to deliver at the desired rate. In a previous paper we stated that the continuous drop should be started 20 minutes after the initial injection. We have since observed that it is better to begin it a little earlier than that. Our present practice is to begin the drop administration as soon as it is convenient to do so, that is, about 10 minutes after the initial dose.
In the course of our work with the method, several technical points have been observed which it seems worth while to mention. When, lumbar puncture is first done, if the cerebrospinal fluid pressure is high and the fluid escapes rapidly, it is advisable to withdraw fluid until it drops at about the usual rate. If this is not done, maintenance by the drop method is likely to be difficult and unsatisfactory.
The importance of initially establishing an adequate deep sensory level has already been mentioned. If this level is inadequate it cannot be advanced by the drop method using 0.5 per cent procaine even though the superficial skin level becomes very high. If the patient complains of pain from deep manipulations, or if the relaxation becomes unsatisfactory, it is a sign that the level established by the initial dose has been permitted to recede. It should be reinstated by a suitable dose of concentrated procaine solution, such as 50 or 75 mg. in 2 or 3 c.c. The level thus restored may be maintained by the drop method. This measure is not necessary simply to increase peritoneal relaxation for closure. If necessary that may be accomplished by allowing 50 or 60 drops of the 0.5 per cent solution to go in rapidly.
When supplementary anaesthesia is indicated, we induce sleep with pentothal. The total dose of that agent is usually small, and the patient awakes by the time he is ready to leave the operating room.
DISCUSSION OF RESULTS.
Data relating to the first 100 consecutive cases conducted by this method have been classified into three tables according to the level of analgesia. In most of the cases this method was chosen because of the expected length of the procedure or on account of the poor physical status of the patient. It was used in 12 cases for repair of hernia for the purpose of training members of the staff as yet inexperienced in this type of administration.
There were two deaths, both unrelated to the anaesthesia. One of these occurred following exploratory laparotomy in a very ill patient who died on the third postoperative day of generalized carcinomatosis. The second death was that of a 63-year-old man who had right uretero-enterostomy and cystectomy for carcinoma of the bladder un.der continuous subarachnoid analgesia. His postoperative course was compli-cated by pyelonephritis and thrombophlebitis, for which he had right ureterostomy and bilateral femoral vein ligation. His course was steadily downhill and he died 68 days after the continuous spinal was administered.
Nausea and emesis occurred in eight patients, or in. 16 per cent. There was one case of atelectasis of one lobe; and one chill due to a transfusion. There was one complication which might be considered referable to the anaesthesia. This was in a patient who had a radical groin dissection. The following day he had a stiff neck and temperature of 102 to 103 degrees. The symptoms were characteristic of the so-called '' aseptic or chemical meningitis." Recovery was prompt.
After the conclusion of our first 100 cases a serious neurological complication occurred. Although in our opinion the complication was not due to the type of spinal anaesthesia employed, but to the fact that owing to an error of judgment spinal anaesthesia was used at all, we feel that it should be reported.
A 41-year-old woman entered the hospital for colectomy with the diagnosis of ulcerative colitis of four years duration. She had had an ileostomy done at another hospital, but despite this she was going gradually downhill. She ran a temperature of around 102 to 103 degrees, was losing weight, and despite repeated transfusions her total protein and haemoglobin were very low. The surgeons requested continuous drop spinal anaesthesia because of the good results obtained in other debilitated patients. The patient was first seen by us in the operating room. Her back was grossly contaminated by the discharge from the ileostomy opening and she had a decubitus ulcer over the sacrum. An effort was made to cleanse the back as well as possible and a continuous spinal needle was introduced without difficulty. The course of the anaesthesia was uneventful and the patient felt well for five days postoperatively, but despite the penicillin and sulfadiazine therapy she continued to run the same type of remittent fever she had pre-operatively. On the fifth post-operative day slw complained of pain in the joints of both legs. The pain was assumed to be rheumatic and the patient was given aspirin. Thirteen days post-operatively, when trying to stand up, she was unable to do so because of paresis of both legs. At the same time she 64 British Journal of Anaesthesia developed urinary retention. Diagnosis of subarachnoid abscess was made and laminectomy performed. At operation, around the site of the lumbar puncture, a subarachnoid abscess was found containing thick pus. The bacteriological examination revealed gram + cocci. Her temperature subsided following the drainage of the abscess, but complete paralysis of both legs, with areflexia and anaesthesia developed. Her recovery from the point of view of her original disease was satisfactory, and after three weeks she started to gain weight. At about this time the sensory innervation of the legs returned. After about six weeks the motor function of the legs returned gradually an.d she was able to walk upon discharge from the hospital three months after her operation. Moderate urinary retention still persisted at that time.
TABLE I summarizes the 38 cases in which the sensory level of analgesia was below the sixth dorsal segment. In those patients less than 40 years of age, the course was uneventful. Fall in blood pressure necessitating the use of adrenergic drugs occurred in 16 per cent of the patients in the age group from 40 to 60 years, and in 44 per cent of those patients more than 60 years of age. It should' be stated that it is our practice to adminster a prophylactic dose of ephedrine preceding every spinal anaesthesia unless it is contra-indicated. The reference in the tables is to additional doses of these drugs in the course of operation and anaesthesia. Supplementary anaesthesia with pentothal was necessary in 4 cases, or 10.6 per cent.
In this group of 39 patients, 6 per cent were more than 60 years of age. Supplementary anaesthesia with pentothal was necessary in 18 cases, or 50 per cent. Fall of blood pressure needing adrenergic drugs occurred in approximately 50 per cent. In the 10 combined abdomino-perin.eal resections of the rectum, we administered 6 mg. of pontocaine in 2 c.c. saline and then removed the continuous spinal needle just before turning the patient to the Sims position for the posterior resection. The average duration of that part of the operation was approximately 1 hour (Table II) .
More than half of the patients who received spinals to levels above D 4 were between the ages of 40 and 60 years (Table III) . It is our practice to begin supplementary anaesthesia with pentothal in cases of subtotal gastrectomy just before the surgeon is ready to mobilize the duodenum to prevent the retching which so often occurs at that time. Anesthesia with pentothal was thus induced in 60 per cent of this group of cases. Adrenergic drugs were needed in 30 per cent of the cases, as opposed to their use in 50 per cent of the cases shown in the preceding table.
COMMENT.
Serious complications incident to spinal analgesia fall into two groups: -1. Neurological sequelae, such as caudo-equine syndrome and persistent paralyses. 2. Complications occurring immediately after the induction and during the operative period, characterized by profound circulatory depression, with or without respiratory depression. Lundy, Essex, and Kernochan, 5 and later MacDonald and Watkins" have shown that the concentration of the drugs used for subarachnoid analgesia is a large factor in the production of neurological injuries. Recently, Co Tui 7 and associates have confirmed and enlarged these findings. With rabbits as the experimental animals, using three different concentrations of each drug studied, these authors have shown that the extent and duration of nervous tissue changes parallel the increase in concentration of the drugs in the injected solutions. The three drugs used in their study were procaine, monocaine formate and nupercaine. For all of the drugs the effects produced upon nervous tissue by low concentrations were transitory, but with high concentrations the reaction was more severe and more prolonged. Upon the basis of these findings the authors conclude that in selecting the spinal anaesthetic agent the factor of tissue reaction (i.e. the danger of post-operative paralysis) may be eliminated from consideration, and that thus anaesthetic effectiveness and acute toxicity remafn the determining factors.
It is our opinion that the immediate untoward effects of spinal analgesia, manifested as profound respiratory and circulatory depression, are brought about by the ascent of the injected solutions to unduly high levels in the spinal canal, with resultant vasomotorand respiratory paralysis, and are rarely if
